refresh command and the first and second refresh signals responsive to the refresh terminate 
signal. 




predetermined refresh signal comprises an auto-refresh signal and the refresh command 
comprises an auto-refresh command. 



^p^43. A dynamic random access memory ("DRAM"), comprising: 

a row address circuit operable to receive and decode row address signals applied 
to an external terminal; 

a column address circuit operable to receive and decode column address signals 
applied to an external terminal; 

an array of dynamic random access memory cells operable to store data written to 
or read from the array at a location determined by the decoded row address signals and the 
decoded column address signals; 

a data path circuit operable to couple data signals corresponding to the data 
between the array and an external data terminal; 

a clock input buffer through which an external clock signal is coupled to generate 
an internal clock signal; 

a command signal generator operable to generate a sequence of control signals 
corresponding to command signals applied to respective external terminals and coupled thorough 
a first set of input buffers to generate respective internal command signals, the input buffers in 
the first set being disabled by a first refresh signal, the command signal generator further 
including a bias circuit operable to bias at least one internal command signal responsive to a 
second refresh signal 



initiate an auto-refresh cycle responsive thereto, the refresh decoder being further operable to 
detect the respective states of first and second predetermined command signals, the refresh 
decoder being operable to: 




a refresh decoder operable to decode at least an auto-refresh command and to 
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perform a self-refresh of the DRAM in response to decoding an auto- 
refresh command and detecting a first state of the first predetermined command signal 
and a first state of the second predetermined command signal; 

perform an auto-refresh of the DRAM in response to decoding an auto- 
refresh command and a detecting second state of the first predetermined command signal 
and a first state of the second predetermined command signal; 

perform an auto-refresh of the DRAM and generate the first and second 
refresh signals in response to decoding an auto-refresh command and detecting a first 
state of the first predetermined command signal and a second state of the second 
predetermined command signal; and 

perform an auto-refresh of the DRAM, generate the first and second 
refresh signals, and disable components of the DRAM other than the first set of input 
buffers at the conclusion of an auto-refresh cycle in response to decoding an auto-refresh 
| Jf command and detecting a second state of the first predetermined command signal and a 

Q M= second state of the second predetermined command signal. 

1 £>/ $ 

™ yfA. The dynamic random access memory of claim #3 wherein the clock input 
buffer is disabled by a third refresh signal, and wherein the refresh decoder is further operable to 
generate the third refresh signal along with the first and second refresh signals. 

f f 

15. The dynamic random access memory of claim 0 wherein the first 
predetermined signal comprises a clock enable signal. 

The dynamic random access memory of claim wherein the second 
predetermined signal comprises a data mask signal. 




The dynamic random access memory of claim jfc wherein the refresh 
decoder is operable to terminate the first and second refresh signals at the conclusion of the auto- 
refresh if the first state of the first predetermined command signal and the second state of the 



second predetermined command signal were detected, the refresh decoder being further operable 
to continue generating the first and second refresh signals at the conclusion of the auto-refresh if 
the second state of the first predetermined command signal and the second state of the second 
predetermined command signal were detected. 

The dynamic random access memory of claim Jft wherein the refresh 
decoder is operable to continue generating the first and second refresh signals at the conclusion 
of the auto-refresh as long as the second predetermined command signal is maintained in the 
second state. 




The dynamic random access memory of claim ^ wherein the refresh 
decoder is operable to terminate the first and second refresh signals at the conclusion of the auto- 
refresh by detecting a predetermined transition of the internal clock signal, and to terminate the 
first and second refresh signals responsive to detecting the predetermined transition of the clock 
signal. 

The dynamic random access memory of claimy^ wherein the bias circuit 
is operable to bias a plurality of internal command signals to generate a no operation memory 
command. 

Z? Ol. The dynamic random access memory of claim wherein the refresh 
decoder comprises: 

a first decoder operable to decode the at least one internal command indicative of 
a refresh of the DRAM and to generate a predetermined refresh signal responsive thereto; 

a timer coupled to the first decoder, the timer being triggered by the 
predetermined refresh signal and generating a refresh terminate signal a predetermined period 
after the predetermined refresh signal; and 

a second decoder coupled to the first decoder and to the timer, the second decoder 
being operable to generate a refresh command and the first and second refresh signals responsive 



to the predetermined refresh signal, the second decoder further being operable to terminate the 
refresh command and the first and second refresh signals responsive to the refresh terminate 
signal. 
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The dynamic random access memory of oXdimflf wherein the bias circuit 

comprises a transistor coupled to an output terminal of an input buffer in the first set through 

which the at least one internal command signal is coupled , 

A 

A computer system, comprising: 
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a processor having a processor bus; 

an input device coupled to the processor through the processor bus adapted to 
allow data to be entered into the computer system; 

an output device coupled to the processor through the processor bus adapted to 
allow data to be output from the computer system; 

a memory controller generating a row address having a plurality of row address 
bits followed by a column address having a plurality of column address bits, the memory 
controller generating an array select signal prior to generating the plurality of column address 
bits, the array select signal corresponding to a column address bit and having either a first state 
or a second state; and 

a memory device coupled to the memory controller, the memory device 

comprising: 

a row address circuit operable to receive and decoder row address signals 
applied to an external terminal; 

a column address circuit operable to receive and decoder column address 
signals applied to an external terminal; 

an array of dynamic random access memory cells operable to store data 
written to or read from the array at a location determined by the decoded row address 
signals and the decoded column address signals; 



a data path circuit operable to couple data signals corresponding to the 
data between the array and an external data terminal; 

a command signal generator operable to generate a sequence of control 
signals corresponding to command signals applied to respective external terminals and 
coupled thorough a first set of input buffers to generate respective internal command 
signals, the input buffers in the first set being disabled by a first refresh signal, the 
command signal generator further including a bias circuit operable to bias at least one 
internal command signal responsive to a second refresh signal; and 

a refresh decoder operable to decode at least one internal command 
indicative of a refresh of the DRAM and causing the DRAM to be refreshed responsive 
thereto, the refresh decoder generating the first and second refresh signals during the 
refresh of the DRAM. 

2 j54. The computer system of claim J>6 wherein the first and second refresh 
signals comprise an auto-refresh signal. 

A j r 

^5*5. The computer system of claim 53 wherein the refresh decoder is further 
operable to removing the bias from the command signals and enabling the input buffers in the 
first set at the conclusion of the auto-refresh cycle. 

2 $ r 

jty&s. The computer system of claim ^ further comprising a clock input buffer 
through which an external clock signal may be applied to generate an internal clock signal, the 
clock input buffer being disabled by a third refresh signal, and wherein the refresh controller is 
operable to generate the third refresh signal during the refresh of the DRAM. 

^ ^ft. The computer system of claim jft^furihex comprising a clock input buffer 
through which an external clock signal may be applied to generate an internal clock signal, and 
wherein the refresh controller is operable to terminate the first and second refresh signals 
responsive to a predetermined transition of the internal clock signal. 



^ ^^i. The computer system of claim jtS wherein the bias circuit comprises a 
transistor coupled to an output terminal of an input buffer in the first set through which the at 
least one internal command signal is coupled. 

The computer system of claim wherein the refresh decoder is further 
operable to detect the state of a predetermined command signal, and, in response to detecting a 
first state of the predetermined command signal, to continue biasing the command signal and 
disabling the input buffers in the first set at the conclusion of the auto-refresh cycle. 




/oO. The computer system of claim^? wherein the refresh decoder comprises: 
a first decoder operable to decode the at least one internal command indicative of 
a refresh of the DRAM and to generate a predetermined refresh signal responsive thereto; 

a timer coupled to the first decoder, the timer being triggered by the 
predetermined refresh signal and generating a refresh terminate signal a predetermined period 
after the predetermined refresh signal; and 

a second decoder coupled to the first decoder and to the timer, the second decoder 
being operable to generate a refresh command and the first and second refresh signals responsive 
to the predetermined refresh signal, the second decoder further being operable to terminate the 
refresh command and the first and second refresh signals responsive to the refresh terminate 
signal. 

The computer system of claim $ wherein the predetermined refresh 
signal comprises an auto-refresh signal and the refresh command comprises an auto-refresh 
command. 



A computer system, comprising: 
a processor having a processor bus; 
an input device coupled to the processor through the processor bus adapted to 
allow data to be entered into the computer system; 
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an output device coupled to the processor through the processor bus adapted to 
allow data to be output from the computer system; 

a memory controller generating a row address having a plurality of row address 
bits followed by a column address having a plurality of column address bits, the memory 
controller generating an array select signal prior to generating the plurality of column address 
bits, the array select signal corresponding to a column address bit and having either a first state 
or a second state; and 

a memory device coupled to the memory controller, the memory device 

comprising: 

a row address circuit operable to receive and decoder row address signals 
applied to an external terminal; 

a column address circuit operable to receive and decoder column address 
signals applied to an external terminal; 

an array of dynamic random access memory cells operable to store data 
written to or read from the array at a location determined by the decoded row address 
signals and the decoded column address signals; 

a data path circuit operable to couple data signals corresponding to the 
data between the array and an external data terminal; 

a clock input buffer through which an external clock signal is coupled to 
generate an internal clock signal; 

a command signal generator operable to generate a sequence of control 
signals corresponding to command signals applied to respective external terminals and 
coupled thorough a first set of input buffers to generate respective internal command 
signals, the input buffers in the first set being disabled by a first refresh signal, the 
command signal generator further including a bias circuit operable to bias at least one 
internal command signal responsive to a second refresh signal; and 

a refresh decoder operable to decode at least an auto-refresh command and 
to initiate an auto-refresh cycle responsive thereto, the refresh decoder being further 
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operable to detect the respective states of first and second predetermined command 
signals, the refresh decoder being operable to: 

perform a self-refresh of the DRAM in response to decoding an 
auto-refresh command and detecting a first state of the first predetermined 
command signal and a first state of the second predetermined command signal; 

perform an auto-refresh of the DRAM in response to decoding an 
auto-refresh command and a detecting second state of the first predetermined 
command signal and a first state of the second predetermined command signal; 

perform an auto-refresh of the DRAM and generate the first and 
second refresh signals in response to decoding an auto-refresh command and 
detecting a first state of the first predetermined command signal and a second 
state of the second predetermined command signal; and 

perform an auto-refresh of the DRAM, generate the first and 
second refresh signals, and disable components of the DRAM other than the first 
set of input buffers at the conclusion of an auto-refresh cycle in response to 
decoding an auto-refresh command and detecting a second state of the first 
predetermined command signal and a second state of the second predetermined 
command signal. 

bt 

The computer system of claim/^2 wherein the clock input buffer is 
disabled by a third refresh signal, and wherein the refresh decoder is further operable to generate 
the third refresh signal along with the first and second refresh signals. 

U Jft. The computer system of claim^ wherein the first predetermined signal 
comprises a clock enable signal. 

lfij65. The computer system of claim Jfl wherein the second predetermined 
signal comprises a data mask signal. 
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60: The computer system of claim^ wherein the refresh decoder is operable 
to terminate the first and second refresh signals at the conclusion of the auto-refresh if the first 
state of the first predetermined command signal and the second state of the second predetermined 
command signal were detected, the refresh decoder being further operable to continue generating 
the first and second refresh signals at the conclusion of the auto-refresh if the second state of the 
first predetermined command signal and the second state of the second predetermined command 
signal were detected. 




The computer system of clairru62 wherein the refresh decoder is operable 
to continue generating the first and second refresh signals at the conclusion of the auto-refresh as 
long as the second predetermined command signal is maintained in the second state. 

\j) ^#8. The computer system of claim^St) wherein the refresh decoder is operable 
to terminate the first and second refresh signals at the conclusion of the auto-refresh by detecting 
a predetermined transition of the internal clock signal, and to terminate the first and second 
refresh signals responsive to detecting the predetermined transition of the clock signal. 

The computer system of claim Jf^ wherein the bias circuit is operable to 
bias a plurality of internal command signals to generate a no operation memory command. 




[ffl^O. The computer system of claim ^^whereii 



The computer system of claim 62 wherein the refresh decoder comprises: 
a first decoder operable to decode the at least one internal command indicative of 
a refresh of the DRAM and to generate a predetermined refresh signal responsive thereto; 

a timer coupled to the first decoder, the timer being triggered by the 
predetermined refresh signal and generating a refresh terminate signal a predetermined period 
after the predetermined refresh signal; and 

a second decoder coupled to the first decoder and to the timer, the second decoder 
being operable to generate a refresh command and the first and second refresh signals responsive 
to the predetermined refresh signal, the second decoder further being operable to terminate the 



refresh command and the first and second refresh signals responsive to the refresh terminate 
signal. 

U f 

The computer system of claim^ wherein the bias circuit comprises a 

transistor coupled to an output terminal of an input buffer in the first set through which the at 

least one internal command signal is coupled ' 

A 

» yfl. A method of performing an auto-refresh of a dynamic random access 
memory having a first set of input buffers through which command signals are coupled, the 
method comprising: 

disabling the input buffers in the first set during the performance of the auto- 
refresh cycle; 

biasing a plurality of command signals to assert a predetermined memory 
command during the auto-refresh cycle; 

at the conclusion of the auto-refresh cycle, removing the bias from the command 
signals and enabling the input buffers in the first set. 

7 A. The method of claim Jf{ wherein the dynamic random access memory 
comprises a synchronous dynamic random access memory that operates in synchronism with a 
clock signal applied to the dynamic random access memory through a clock input buffer. 

I jf<\. The method of claim/?, further comprising disabling the clock input 
buffer during at least a portion of the auto-refresh cycle and re-enabling the clock input buffer at 
the conclusion of the auto-refresh cycle. 

y75. The method of claim wherein the act of removing the bias of the 
command signals and enabling the input buffers in the first set comprises: 

examining the clock signal coupled through the clock input buffer; 
detecting a predetermined transition of the clock signal; and 



) 
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removing the bias from the command signals and enabling the input buffers in the 
first set responsive to detecting a predetermined transition of the clock signal. 

ijfc. The method of claim^3 wherein the act of removing the bias from the 
command signals and enabling the input buffers in the first set responsive to detecting a 
predetermined transition of the clock signal further comprises waiting a predetermined duration 
after detecting the predetermined transition to remove the bias from the command signals and 
enable the input buffers in the first set. 

It J* 

The method of claim /fb wherein the act of waiting a predetermined 



duration after detecting the predetermined transition comprises waiting for one-half the period of 
| UJ the clock signal after detecting the predetermined transition. 

%. The method of claim 7/6 wherein the act of waiting a predetermined 
duration after detecting the predetermined transition comprises waiting for a second transition of 
the clock signal having a polarity that is different from the polarity of the predetermined 
transition. 

J. 11 

/79. The method of claim ^wherein the predetermined transition comprises a 
rising edge of the clock signal applied to the clock input buffer, and the second transition 
comprises a falling edge of the clock signal applied to the clock input buffer. 

1). The method of claim^f wherein the act of biasing a plurality of command 
signals to assert a predetermined memory command during the auto-refresh cycle comprises 
biasing a plurality of command signals to assert a no operation memory command during the 
auto-refresh cycle. 

X) ySl . The method of claim^2, further comprising: 
detecting the state of a command signal; 



in response to detecting a first state of the command signal, continuing to bias the 
command signals and disable the input buffers in the first set at the conclusion of the auto-refresh 
cycle; and 

in response to detecting a transition of the command signal from the first state to a 
second state, removing the bias from the command signals and enabling the input buffers in the 
first set. 

%° 

The method of claim^ further comprising: 
in response to detecting a first state of the command signal, disabling 
predetermined components of the dynamic random access memory at the conclusion of the auto- 
refresh cycle; and 

in response to detecting a transition of the command signal from the first state to a 
second state, enabling the predetermined components of the dynamic random access memory. 

/ f 

f3. The method of claim jrl wherein the dynamic random access memory 
further includes a second set of input buffers through which address signals are coupled, and 
wherein the method further comprises: 

disabling the input buffers in the second set during the performance of the auto- 
refresh cycle; and 

at the conclusion of the auto-refresh cycle, enabling the input buffers in the 

second set. 

y84. A method of reducing power consumption in a dynamic random access 
memory ("DRAM") having a first set of input buffers through which command signals are 
coupled, the method comprising: 

detecting each of a plurality of memory commands, including an auto-refresh 

command; 

detecting the state of a first predetermined command signal; 
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in response to detecting an auto-refresh command and a first state of the first 
predetermined command signal, performing an auto-refresh of the DRAM and, at the conclusion 
of the auto-refresh, automatically transitioning the DRAM to an active mode; and 

in response to detecting an auto-refresh command and a second state of the first 
predetermined command signal, performing an auto-refresh of the DRAM and, at the conclusion 
of the auto-refresh, automatically transitioning the DRAM to a low power precharge mode. 

A, 1* 

1 y&5. The method of claim wherein the first predetermined signal comprises 
a clock enable signal. 

9 The method of claim wherein the DRAM comprises a synchronous 

W dynamic random access memory that operates in synchronism with a clock signal applied to the 

yi 

s DRAM through a clock input buffer. 

q'B ^ 

</j87. The method of claim^^C further comprising disabling the clock input 
O buffer during at least a portion of the auto-refresh and re-enabling the clock input buffer at the 
conclusion of the auto-refresh in the event the first state of the first predetermined command 
signal is detected. 

t3 

The method of claim,8^wherein the act of performing an auto-refresh of 
the DRAM comprises disabling the input buffers in the first set during the performance of the 
auto-refresh. ^ * 

J®. The method of claim^TC, wherein the act of performing an auto-refresh of 
the DRAM farther comprises biasing a plurality of command signals to assert a predetermined 
memory command during the auto-refresh. 
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90r" The method of claim/#£ wherein the act of performing an auto-refresh of 
the DRAM further comprises removing the bias from the command signals and enabling the 
input buffers in the first set at the conclusion of the auto-refresh cycle. 



4l> 



'jrt;' The method of claim 90," wherein the DRAM further includes a clock 
input buffer that receives an external clock signal to generate an internal clock signal, and 
wherein the act of removing the bias from the command signals and enabling the input buffers in 
the first set comprises: 

examining the internal clock signal; 

detecting a predetermined transition of the internal clock signal; and 
removing the bias from the command signals and enabling the input buffers in the 
first set responsive to detecting a predetermined transition of the internal clock signal. 

*J&. The method of claim^l wherein the act of removing the bias from the 
command signals and enabling the input buffers in the first set responsive to detecting a 
predetermined transition of the internal clock signal further comprises waiting a predetermined 
duration after detecting the predetermined transition to remove the bias from the command 
signals and enable the input buffers in the first set. 



• m. The method of claim J92 whereh 



wherein the act of waiting a predetermined 
duration after detecting the predetermined transition comprises waiting for one-half the period of 
the clock signal after detecting the predetermined transition. 



^ ^4. The method of claim j/Z wherein the act of waiting a predetermined 
duration after detecting the predetermined transition comprises waiting for a second transition of 
the clock signal having a polarity that is different from the polarity of the predetermined 
transition. 
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The method of claim^^ wherein the act of biasing a plurality of command 
signals to assert a predetermined memory command during the auto-refresh comprises biasing a 
plurality of command signals to assert a no operation memory command during the auto-refresh. 

■ . ji 

^ The method of claim^8 wherein the DRAM further includes a second set 

of input buffers through which address signals are coupled, and wherein the method further 
comprises: 

disabling the input buffers in the second set during the performance of the auto- 
refresh; and 

at the conclusion of the auto-refresh, enabling the input buffers in the second set. 

A 

Jn. The method of claim^ wherein the act of automatically transitioning the 
DRAM to a low power precharge mode comprises disabling predetermined components of the 
dynamic random access memory at the conclusionx>f the auto-refresh. 



^\ The method of clainV^ further comprising enabling the predetermined 

components of the dynamic random access memory in response to detecting a transition of the 
command signal from the second state to the first state. 

A method of reducing power consumption in a synchronous dynamic 
random access memory ("SDRAM") having a first set of input buffers through which command 
signals are coupled and a clock input buffer through which a clock signal is coupled, the method 
comprising: 

detecting each of a plurality of memory commands, including an auto-refresh 

command; 

detecting the state of a first predetermined command signal; 
detecting the state of a second predetermined command signal; 
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in response to detecting an auto-refresh command and a first state of the first 
predetermined command signal and a first state of the second predetermined command signal, 
performing a self-refresh of the SDRAM; 

in response to detecting an auto-refresh command and a second state of the first 
predetermined command signal and a first state of the second predetermined command signal, 
performing an auto-refresh of the SDRAM; 

in response to detecting an auto-refresh command and a first state of the first 
predetermined command signal and a second state of the second predetermined command signal, 
performing a low power auto-refresh of the SDRAM, the low power auto-refresh comprising 
disabling the input buffers in the first set and biasing a plurality of command signals to assert a 
predetermined memory command during the auto-refresh cycle; and 

in response to detecting an auto-refresh command and a second state of the first 
predetermined command signal and a second state of the second predetermined command signal, 
performing a low power auto-refresh of the SDRAM and, at the conclusion of the auto-refresh, 
performing a low power precharge of the SDRAM, the low power precharge comprising 
disabling components of the SDRAM other than the first set of input buffers. 




?. The method of claim^*f wherein the act of performing a low power auto- 
refresh of the SDRAM further comprises disabling the clock input buffer during at least a portion 
of the low power auto-refresh . 

9® ' f 

f J$\. The method of cldxmjm, further comprising re-enabling the clock input 
buffer at the conclusion of the auto-refresh in the event the first state of the first predetermined 
command signal is detected. j> 

1 0 J$2. The method of claim^, further comprising: 

removing the bias from the command signals and enabling the input buffers in the 
first set at the conclusion of the low power auto-refresh if the first state of the first predetermined 
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command signal and the second state of the second predetermined command signal were 
detected; and 

maintaining the bias to the command signals and continuing to disable the input 
buffers in the first set at the conclusion of the low power auto-refresh if the second state of the 
first predetermined command signal and the second state of the second predetermined command 
signal were detected. 

/*/ 

p3. The method of claim JP? wherein the act of maintaining the bias of the 
command signals and continuing to disable the input buffers in the first set at the conclusion of 
the low power auto-refresh comprises maintaining the bias of the command signals and 
continuing to disable the input buffers in the first set as long as the second predetermined 
command signal is maintained in the second state. 

I J$€a. The method of claim wherein the act of removing the bias from the 
command signals and enabling the input buffers in the first set at the conclusion of the low 
power auto-refresh comprises: 

examining the clock signal coupled through the clock input buffer; 
detecting a predetermined transition of the clock signal; and 
removing the bias from the command signals and enabling the input buffers in the 
first set responsive to detecting a predetermined transition of the clock signal. 

Ji 05. The method of claim <J*04 wherein the act of removing the bias from the 
command signals and enabling the input buffers in the first set responsive to detecting a 
predetermined transition of the clock signal further comprises waiting a predetermined duration 
after detecting the predetermined transition to remove the bias from the command signals and 
enable the input buffers in the first set. 
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( Kft. The method of claim }Q5 wherein the act of waiting a predetermined 
duration after detecting the predetermined transition comprises waiting for one-half the period of 
the clock signal after detecting the predetermined transition. 

» L€T7. The method of claim J#5 wherein the act of waiting a predetermined 
duration after detecting the predetermined transition comprises waiting for a second transition of 
the clock signal having a polarity that is different from the polarity of the predetermined 
transition. 




1 ^08. The method of claim<09 wherein the act of biasing a plurality of command 
signals to assert a predetermined memory command during the auto-refresh cycle comprises 
biasing a plurality of command signals to assert a no operation memory command during the 
auto-refresh cycle. 



r/ j 

' <ftQ9. The method of claim#9 wherein the first predetermined signal comprises 



a clock enable signal. 




The method of claim jfa wherein the second predetermined signal 
comprises a data mask signal. 



